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 Meta-analysis of Resistance to Fusarium Head 
Blight in Tetraploid Wheat: Implications 
for Durum Wheat Breeding 
 Noémie  Prat ,  Maria  Buerstmayr ,  Barbara  Steiner , and  Hermann  Buerstmayr 
 Abstract  Improvement of resistance to Fusarium head blight (FHB) is a continu-
ous challenge for durum wheat ( Triticum durum ) breeding, where most germplasm 
are susceptible and low genetic variation is available for this trait. Research has 
focused on broadening the genetic basis by introducing alleles for FHB resistance 
from landraces and related species such as bread wheat ( Triticum aestivum ), culti-
vated emmer ( Triticum dicoccum ), wild emmer ( Triticum dicoccoides ) and Persian 
wheat ( Triticum carthlicum ) into durum wheat. We summarize and compare here 
QTL mapping studies carried out to date in tetraploid wheat. Thirteen QTL with 
small to moderate effects were repeatedly detected on 11 chromosomes with alleles 
improving FHB resistance deriving from relatives and from durum wheat itself. 
Comparison showed large overlaps of QTL positions with those identifi ed in hexa-
ploid wheat suggesting a common genetic basis for FHB resistance. FHB resistance 
breeding by allele introgression into durum wheat is feasible and QTL pyramiding 
in novel cultivars is a promising strategy for resistance breeding. 
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 Introduction 
 Durum wheat ( Triticum durum ) is the principal cultivated tetraploid wheat species. 
Its annual production accounts for ~5 % of the total wheat grown worldwide and it 
is used mainly for preparation of pasta and semolina (Taylor and Koo  2012 ). Durum 
wheat, as other small grain cereals, suffers from susceptibility to Fusarium head 
blight (FHB), a devastating disease that affects wheat growing regions throughout 
the world. FHB is caused by a broad range of fungi from the Fusarium genera (Xu 
and Nicholson  2009 ). FHB epidemics are a serious threat for wheat production as 
the disease leads not only to yield losses but also infests crops with potent mycotox-
ins hazardous for food safety (Pestka  2010 ). This is particularly alarming in durum 
wheat since it is predominantly intended for direct human consumption. 
 An increasing demand for pasta products has led to an expansion of durum wheat 
production zones from traditional warm and dry cropping areas to more humid 
regions with climatic conditions conducive to the disease. Solutions to prevent FHB 
damages are limited and the development of resistant cultivars is considered a sus-
tainable and highly desired approach to reduce FHB damages (Bai and Shaner 
 2004 ). 
 FHB Resistance in Durum Wheat 
 Current durum cultivars are generally susceptible to FHB (Clarke et al.  2010 ; 
authors’ unpublished results). Sources of resistance remain scarce despite efforts 
undertaken to discover FHB resistant lines: large collections of thousands of durum 
wheat accessions have been screened without identifying resistant lines (Elias et al. 
 2005 ). Surveys on material from CIMMYT and ICARDA identifi ed only fi ve lines 
from a Tunisian source with moderate resistance to FHB spread (Huhn et al.  2012 ) 
and four Syrian landraces with stable resistance (Talas et al.  2011 ). The lack of 
resistance found in durum wheat may be attributed to historically low exposure to 
FHB and to the limited breeding efforts put into this relatively modern crop, which 
led to a narrow genetic base compared to other wheat species (Ban et al.  2005 ; 
Oliver et al.  2008 ). It is also speculated that durum carries susceptibility factors and/
or suppressor genes that compromise FHB resistance (Stack et al.  2002 ; Garvin 
et al.  2009 ; Ghavami et al.  2011 ). 
 Studies have thus been directed at evaluating relatives of durum wheat in order 
to broaden the genetic basis for breeding and efforts targeted at transferring FHB 
resistance into durum wheat. 
 In hexaploid wheat ( Triticum aestivum ) more than 100 QTL for FHB resistance 
have been mapped and some have been successfully integrated in breeding pro-
grams through marker assisted selection (Buerstmayr et al.  2009 ). Yet, attempts to 
transfer resistance into tetraploid wheat have met limited success (Oliver et al.  2007 ; 
authors’ unpublished results). One hypothetical explanation for the often 
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 disappointingly low effect of hexaploid wheat QTL alleles when transferred into 
durum wheat is that the D-genome, absent in tetraploid wheat, contributes resistance- 
inducing factors (Fakhfakh et al.  2011 ). 
 Consequently resistance has been sought in tetraploid close relatives of durum 
wheat, where transfer of resistance is not confounded by differences in ploidy lev-
els. Moderate to good FHB resistant tetraploid accessions have been successfully 
identifi ed (Oliver et al.  2008 ; Buerstmayr et al.  2003 ). 
 QTL Studies in Tetraploid Wheat 
 QTL mapping studies carried out to date in durum wheat have been based on resis-
tance deriving from tetraploid sources including wild emmer  Triticum dicoccoides , 
cultivated emmer  Triticum dicoccum , Persian wheat  Triticum carthlicum and durum 
wheat landraces. A list including information on the resistance source used in the 
mapping analysis, the inoculation methods performed and the type of resistance 
assessed for each study is given in Table  37.1 .
 We gather here QTL reported in tetraploid wheat which were repeatedly found in 
different years or in independent studies. A total of 13 small to moderately effective 
QTL were mapped to 11 chromosomes. Their positions are indicated with vertical 
bars in Fig.  37.1 , and the names of the genotypes contributing to resistance allele 
and the applied inoculation methods are also specifi ed.
 Durum wheat itself contributed resistance-improving alleles for the QTL on 2B 
(Gladysz et al.  2007 ; Somers et al.  2006 ), 3B (Buerstmayr et al.  2012 ; Ghavami 
et al.  2011 ) and 5B (Ghavami et al.  2011 ). This backs up the idea that in current 
durum wheat a certain level of FHB resistance is already available. A potential sus-
ceptibility factor which increases durum wheat susceptibility was detected on 2A 
 Table 37.1  QTL studies carried out in durum wheat mentioning resistance source, inoculation 
method and type of resistance evaluated 
 Resistance source  Inoc.  Resistance 
 T. dicoccoides  Israel A (2A; 3A)  SFI  FHB spread  Otto et al. ( 2002 ); Chen et al. 
( 2007 );  Garvin et al. ( 2009 ) 
 T. dicoccoides  PI478742 (7A)  SFI  FHB spread  Kumar et al. ( 2007 ) 
 T. dicoccoides  Mt.Hermon#22  SFI  FHB spread  Gladysz et al. ( 2007 ) 
 T. dicoccoides  Mt.Gerizim#36  SFI  FHB spread  Buerstmayr et al. ( 2013 ) 
 T. carthlicum  Blackbird  SFI  FHB spread  Somers et al. ( 2006 ) 
 T. dicoccum  T. dic-161  spray  FHB severity  Buerstmayr et al. ( 2012 ) 
 T. dicoccum  BGRC3487  SFI  FHB spread  Ruan et al. ( 2012 ) 
 spray  FHB severity 
 T. durum  4 Tunisian lines  SFI  FHB spread  Ghavami et al. ( 2011 ) 
 SFI single fl oret inoculation,  spray spray inoculation,  FHB spread resistance to spread of the disease 
within the spike (type 2 resistance),  FHB severity disease severity per plot after spray inoculation 
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derived from  T. dicoccoides Israel A (Garvin et al.  2009 ; Stack et al.  2002 ). Ghavami 
et al. ( 2011 ) also suspected the existence of a QTL infl uencing FHB resistance in 
the same chromosomal region in durum wheat. 
 Positions of many of the resistance QTL identifi ed in tetraploid wheat coincided 
with QTL discovered in hexaploid wheat, suggesting common genes for resistance: 
e.g. QTL on 2B, 3A, 3B, 6B and 7B were found in the same regions where several 
QTL have been reported in hexaploid wheat (Buerstmayr et al.  2009 ). Positions of 
the QTL on 3B and 6B overlapped with those of the well documented genes  Fhb1 
and  Fhb2 , respectively, which were fi rst described in the hexaploid cultivar Sumai-3 
(Buerstmayr et al.  2009 ). Allele survey at these loci by Buerstmayr et al. ( 2012 ) 
revealed different SSR marker haplotypes between tetraploid lines and Sumai-3. 
The existence of resistance improving alleles at these loci in tetraploid wheat may 
circumvent the need to transfer resistance from hexaploid Asian sources into durum 
wheat. 
 Developmental and morphological traits often correlate with FHB response both 
in hexaploid wheat (Buerstmayr et al.  2009 ) and in tetraploid wheat. For example, 
under fi eld conditions with spray inoculation a large effect QTL for FHB resistance 
was mapped at the position of the major plant height gene  Rht-B1 on chromosome 
4B and a FHB resistance QTL on 7B coincided with a QTL for heading date 
(Buerstmayr et al.  2012 ). It is not clear yet whether or not these genes have pleiotro-
pic effects or rather an indirect infl uence on FHB resistance due to plant height and 
fl owering date per se. 
 Conclusions and Perspectives 
 Only few accessions have been used as sources for FHB resistance in durum wheat 
to date, yet results are promising, yielding multiple QTL with small to medium 
effects. Common genetic basis for FHB resistance in tetraploid and hexaploid wheat 
is likely as the positions of their QTL overlap to a large extent. Introgression of 
positive alleles into durum wheat is feasible and markers located near the mapped 
QTL are amenable for marker-assisting backcrossing. Pyramiding multiple resis-
tance improving QTL combined with selection against suspected susceptibility fac-
tors is a promising breeding strategy to improve FHB resistance in novel cultivars. 
Improvements in durum wheat breeding are underway. Recently, the evaluation of 
novel experimental lines descending from multiple crosses of  T. durum with  T. aes-
tivum ,  T. dicoccum and  T. dicoccoides in our fi eld trials in Tulln (Austria) showed 
enhanced variation for FHB resistance including lines with improved and stable 
FHB resistance performance. 
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